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A new study in this issue of Developmental Cell (Levin et al., 2012) uses comparative transcriptomics and
reveals a stage in nematode development that is enriched for developmental patterning genes. Themolecular
profile of this phylotypic stage shows similarities with those of vertebrates and flies. The findings have impor-
tant evolutionary implications.The phylotypic stage is a key concept in
evolution and development. It can be
defined as the time point in the develop-
ment of an animal when it most closely
resembles other species. In vertebrates,
this corresponds to the organogenetic
period, when numerous, undifferentiated
organ primordia are appearing. It also
represents a time when the transcriptome
is dominated by highly conserved genes
involved in pattern formation, as Duboule
and others argued some time ago
(Duboule, 1994). Recent transcriptome
analyses have confirmed a correspon-
dence between stages with conservative
morphology on the one hand and a con-
servative transcriptome on the other, not
only in vertebrates (Irie and Kuratani,
2011) but also in Drosophila species
(Kalinka et al., 2010).
Certain peculiarities of vertebrate
development make it impossible to iden-
tify a sharply defined phylotypic stage
that is identical in all species. For one
thing, the organ primordia of vertebrate
embryos do not develop in synchrony.
Rather, they tend to be laid down progres-
sively from head to tail, so that their
appearance covers quite an extended
period of development in any one indi-
vidual. Furthermore, a degree of develop-
mental autonomy means that develop-
mental primordia in one species often
develop out of synch with their counter-
parts in other species (a phenomenon
known as heterochrony). Such timing
shifts blur the landmarks used for staging
and make it difficult to compare stages
between species. For these and other
reasons, the phylotypic stage in verte-
brates is rather fuzzy and may be better
characterized as a broad phylotypic
period covering a number of stages
(Richardson, 1995). The vertebrate phylo-
typic period is flanked by earlier and laterstages that are more divergent between
species, giving rise to an ‘‘hourglass’’
pattern of divergence (Raff, 1996; Du-
boule, 1994).
The authors of a new study, published
in this issue of Developmental Cell, apply
transcriptomics to investigate the phylo-
typic stage in nematodes (Levin et al.,
2012). They carry out transcriptome pro-
filing of embryos from five different
Caenorhabditis species at ten different
developmental stages. The stages range
from the four-cell stage (at whichmaternal
transcripts predominate) to the early free-
swimming larva. The species include
C. elegans and together form a clade
whose most recent common ancestor
lived about 30 million years ago.
The nematodes studied differ with
respect to the timing of developmental
events, allowing the authors to examine
the influence of chronological age, as
opposed to the developmental stage.
This distinction can be illustrated with an
analogy in which the development of an
embryo is like a car journey along the
interstate. The departure point is the fertil-
ized egg, and the destination is the adult.
We can measure the progress of this
journey either in terms of the time spent
on the road (which is analogous to the
chronological age of an embryo) or in
terms of which cities or other landmarks
we have passed (which is analogous to
developmental stage). Stages therefore
describe the progress of development in
terms of milestones—such as the pres-
ence of four cells at stage 1—and not in
terms of clock time.
Some of the observed changes in tran-
scription in nematodes turn out to be
related to chronological age. But embryos
entering stages 3 (gastrulation) and 7
(ventral closure) show rapid bursts of tran-
scriptional activity that are consistentDevelopmental Celacross species, regardless of chronolog-
ical age. This suggests that some special
property of those stages, and not simply
the amount of time elapsed, is influencing
transcriptional profiles. When the authors
examine the divergence between tran-
scriptomes in different nematode spec-
ies, correcting for chronological age,
they find that stages 3 and 7 are notable
in showing time independence in diver-
gence of their transcriptomes. In other
words, this feature of their transcriptomes
is determined by some developmental
trigger or landmark rather than simply by
the ticking of the clock. Stage 7 is partic-
ularly interesting: its transcriptome is en-
riched for developmental genes, including
those coding for homeobox-containing
proteins. This enrichment is characteristic
of the phylotypic stage or period of other
animals (Irie and Kuratani, 2011; Kalinka
et al., 2010).
Further analysis shows that stage 7 is
also enriched for genes that are known,
from loss-of-function studies, to have
significant effects on nematode mor-
phology or function. These include
dumpy, morphology abnormal, and loco-
motion abnormal. Comparative analysis
shows that the nematode stage 7 tran-
scriptome has strong similarities with the
tailbud- and neurula-stage transcrip-
tomes of the frog Xenopus tropicalis
(and these stages correspond very
broadly to the vertebrate phylotypic
period). A correlation is also found with a
comparable stage in Drosophila species.
In short, nematode stage 7 has many of
the hallmarks of a phylotypic stage. It
also shows strong transcriptional correla-
tion with a wide span of development (the
phylotypic period) of vertebrates and the
phylotypic stage of flies.
Interestingly, the high conservation of
transcriptional profiles that the authorsl 22, May 15, 2012 ª2012 Elsevier Inc. 903
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the middle of development. Thus, the
nematodes show a conserved stage at
stage 7; before and after this, the tran-
scriptome is less conserved. This is
precisely the pattern of transcriptional
divergence predicted for vertebrates by
the ‘‘hourglass’’ model (Raff, 1996;
Duboule, 1994).
What are the implications of this work?
One could argue that it is hardly surprising
to find conserved and enriched expres-
sion of patterning genes at a time when
embryos are undergoing patterning. To
some extent, this critique could be leveled
at other recent transcriptome analyses.
One could also point out that stage 7 of
nematodes corresponds transcriptionally
to both the neurulation and tailbud stages
of Xenopus—a block of development so
extensive that it can hardly constitute
a single, common ‘‘stage’’ or ‘‘milestone.’’
Rather, the results tend to confirm the
suggestion that vertebrates have a broad
phylotypic period (Richardson, 1995), in
dramatic contrast to the more sharply
resolved stage 7 of the nematodes sug-
gested by this new study.
The big question, however, is what
these results tell us about the mecha-
nisms of evolution. The authors (Levin
et al., 2012) propose a model in which
the differences between large groups of
animals (nematodes, flies, and verte-904 Developmental Cell 22, May 15, 2012 ª2brates, for instance) are due to wholesale
modifications of the phylotypic period or
stage, whereas differences between
closely related species (such as the
nematodes studied) are due to evolu-
tionary changes in nonphylotypic stages.
Although the authors don’t explore these
concepts in detail, their interpretation is
guided by the ‘‘hourglass model’’ (Raff,
1996; Duboule, 1994), in which the phylo-
typic stage or period is considered to be
highly resistant to evolutionary change.
This may not be the whole picture. The
phylotypic stage is certainly unique, at
least when one looks at the relative
transcript abundance of developmental
genes. But the very fact that develop-
mental genes have a powerful influence
on adult morphology makes it likely that
the phylotypic stage is a key target for
evolutionary tinkering. Recent work on
zebrafish suggests that the phylotypic
stagemay indeed be accessible for evolu-
tion (Schmidt and Starck, 2011).
At the microevolutionary level, complex
changes in gene expression can be seen,
even between closely related individuals.
Within the Drosphila melanogaster spec-
ies subgroup, for example, embryos
show evidence of transcriptional hetero-
chrony, changes in the spatial extent of
expression domains, loss of expression
domains, and, less often, entirely new
domains (Rebeiz et al., 2011). These012 Elsevier Inc.changes were not recorded at the phylo-
typic stage and hence support the
authors’ view of evolutionary tinkering in
nonphylotypic stages. In the future, we
need to find out more about these evolu-
tionary novelties in gene expression and
then map these changes onto develop-
mental stages. Only then can we say
whether the phylotypic stage is indeed in
an evolutionary lockdown or whether it
represents a powerhouse of speciation
(Richardson, 1999).
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